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(54) Method and apparatus for receiving spread spectrum signal 



(57) To synchronize a spread spectrum (SS) signal 
with PN sequence, even when a Doppier frequency of 
fading is low, a delay profile combining means outputs a 
combined delay profile from delay profiles which are 
outputted from receiving units. Further, the synch chip 
.402 



timing which is obtained from the combined delay profile 
is fed commonly to receiving units tor path diversity 
combining. 
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Description 

BACKGROUND OF THE INVENTION 

1. Technical f ield of the Invention 

[0001 ] The present invention relates to a method and 
apparatus for receiving spread spectrum (SS) signal 
which is to be synchronized with Pseudo-Noise (PN) 
sequence for despreading. 

2. Description of the Prior Art 



[0002] The synch chip timing between the spread 
spectrum (SS) signal and the Pseudo-Noise (PN) 
sequence which is used for de-spreading is detected by 
independent antennas to combine the mutipath signals- 
from each anntennas, as disclosed, for example, in JP 
9-64845 A (1997). 

[0003] In a conventional SS signal receiver under 
direct sequence (DS) system as shown in Figure 5 ( 
independent receiving units 111 to 11K with antennas 
101 to 10K are connected in parallel with antenna diver- 
sity combining unit 121. Here, receiving units 111 to 
11K are identical. 

[0004] The signal received by antenna 101 and 
spread spectrum (SS) sequence from PN sequence 
generator 6 are inputted into sliding correlation calcula- 
tion means 7. 

[0005] The calculation of the sliding correlation is a 
multiplication and summation concerning with the SS 
signal and PN sequence over a prescribed period which 
is given by one to several symbol periods in general. 
[0006] The correlation sequence level outputted from 
sliding correlation calculation means 7 has peaks at the 
synch chip timings of a plurality of mutipath signals 
received by antenna 101 . as shown in Figure 2. 
[0007] Then, the correlation sequence is inputted into 
correlation averaging means 8 which averages the cor- 
relation values in each of the chip timings over a pre- 
scribed period. Then, correlation averaging means 8 
outputs delay profile 91 . 

[0008] Peak detector means 9 outputs N synch chip 
timings of the mutipath signals, by detecting N peaks in 
delay profile 91 . For example, peak detector means 9 
detects N peaks in the order of their levels which are 
distant by one or more chips with each other. 
[0009] Then, the synch chip timings corresponding to 
the N peaks are inputted into delay circuits 21 to 2N, 
respectively. 

[0010] PN sequence outputted from PN sequence 
generator 6 is inputted into delay circuits 21 to 2N. and 
then, inputted into multipliers 31 to 3N to be multiplied 
by SS signal from antenna 101 . 
[0011] The de-spread SS signals are inputted into 
coherent detector means 41 to 4N which compensates 
for the pkase shift of de-spread SS signal on me propa- 
gation path and are combined by path combining 



means 5. 

[0012] Further, the outputs from path combining 
means in each of receiving units 1 1 1 to 1 1 K are fed into 
antenna diversity combining means 121 . 
[0013] In general, correlation sequence which is out- 
putted from sliding correlation calculation means 7 has 
peaks at the synch chip timings of the muli-path waves 
received by antenna 101. The peak levels at the synch 
chip timings vary due to the fading caused by the move- 
ment of the connected mobile station, as shown in Fig- 
ure 3. 

[001 4] Therefore, it is difficult to detect the synch chip 
timings due to the fading. 

[001 5] In order to discriminate the peaks of the corre- 
lation level of the synch chip timings from the noise 
level, the correlation at each of the chip timings output- 
ted from sliding correlation calculation means 7 is aver- 
aged over a prescribed period by correlation averaging 
means 8. Thus, correlation averaging means 8 can out- 
put delay profile 91 which is clearly discriminated from 
the noise level. 

[001 6] However, h takes a long time to complete the 
averaging procedure in correlation averaging means 8. 



25 SUMMARY OF THE INVENTION 

[001 7] Therefore, an object of the present invention is 
to provide a spread spectrum (SS) signal receiver, 
wherein the synch chip timings of mutipath signals can 
30 be detected rapidly, even when a doppler frequency is 
low due to a slow movement of a mobile station. 
[0018] In the method and apparatus for receiving 
spread spectrum (SS) signals of the present invention. 
SS signals are received by a plurality of antennas. 
35 Then, a delay profile as a correlation between an SS 
signal and a prescribed PN sequence for each antenna 
is calculated. Then, the delay profiles calculated for 
every antenna are combined. Then, the synch chip tim- 
ings are detected from the combined delay profile. 
40 Then, the detected synch timings are utilized commonly 
by each receiving unit. Then, each multipath signal is 
de-spread on the synch chip timing. Then, the despread 
multipath signals are combined in each receiving unit to 
obtain path diversity effect. Finally, the combined sig- 
45 nals in in each receiver units are combined to obtain 
antenna diversity effect 

[0019] In short, each SS signal received by each 
antenna is used to calculate each delay profile in paral- 
lel, from w/nich a synch chip timing is detected. The 
so detected timing is fed commonly to each antenna. 

[0020] According to the present invention, a stable 
delay profile can be obtained in a shorter period of time, 
in comparison with the conventional technique wherein 
the correlation is averaged before combining the delay 
55 profiles. In the present invention, the synch chip timing 
is detected after combining the delay profiles from a set 
of independent antennas. 

[0021] Accordingly, the tracking capability can be 
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improved, even when the synch chip timing varies rap- 
idly, due to the fast movement of mobile station. 
[0022] Further, according to the present invention, the 
number of peak detector means is reduced, because 
the peak is detected after combining the delay profiles. 5 

BRIEF EXPLANATION OF THE DRAWINGS 
[0023] 

to 

Figure 1 is a block diagram of a spread spectrum 
signal receiver of the first mode of embodiment of 
the present invention. 

Figure 2 is an example of three- dimensional chart 
of time dependent correlation sequence versus is 
chip timing. 

Figure 3 is an example of a time dependent peak 
level of conventional correlation sequence in con- 
ventional receiver. 

Figure 4 is an example of a time dependent peak ; 
level of correlation sequence in the present inven- 
tion. 

Figure 5 is a block diagram of a conventional 
spread spectrum signal receiver. 

PREFERRED EMBODIMENT OF THE INVENTION 

[0024] The mode of embodiment of the present inven- 
tion is explained, referring to the drawings. The receiver 
of the present invention as shown in Figure 1 is provided 
with delay profile combining means 122 for combining 
the delay profiles from a plurality of parallel receiving 
units 1 11 to 1 1 K. On the basis of the output from delay 
profile combining means 122. synch chip timings of 
mutipath signals are detected by peak detector means 
123. Further, the detected timing is outputted commonly 
to receiving units 1 1 1 to 1 1K. Here, receiving units 111 
to 11Kare identical. 

[0025] Receiving unit 111 comprises antenna 101, 
path combination receiving means 1, PN sequence 
generator 6. sliding correlation calculation means 7, and 
correlation averaging means 8. 

[0026] Path combination receiving means 1 further 
comprises, a plurality of delay circuits 21 to 2N, multipli- 
ers 31 to 3N, detector means 41 to 4N, and path com- 
bining means 5. 

[0027] PN sequence generator 6 outputs a prescribed 
PN sequence with an arbitrary chip timing. 
[0028] Sliding correlation calculation means 7 calcu- 
lates correlation sequences between SS signal from 
antenna 101 and PN sequence from PN sequence gen- 
erator 6 under a plurality of chip timings. 
[0029] The correlation calculated by sliding correlation 
calculation means 7 is a summation, over a prescribed 
period, of multiplications of SS signal and PN sequence. 
[0030] Correlation averaging means 8 averages over 
a prescribed period the correlation under a chip timing 
outputted from sliding correlation calculation means 7, 



whereby correlation averaging means 8 outputs delay 
profile 91 whose peak and noise are smoothed. 
[0031] Delay profile combining means 122 combines 
delay profiles 91 to 9K obtained by receiving units 111 
to 1 1K, respectively, to output a combined delay profiled 
[0032] Peak detector means 123 detects N peaks 
from the combined delay profile outputted from delay 
profile combining means 122 to supply receiving units 
1 1 1 to 1 1 K with synch chip timings which correspond to 
the N peaks. 

[0033] Delay circuits 21 to 2N delay the PN sequences 
from PN sequence generator 6 on the basis of the 
synch chip timings from peak detector means 123. 
[0034] Thus, the PN sequences delayed by delay cir- 
cuits 21 to 2N are synchronized with the SS signal. 
[0035] Multipliers 31 to 3N multiplies, for de-spread- 
ing, the SS signal from antenna 101 by the synchro- 
nized PN sequence through delay circuits 21 to 2N. 
[0036] Coherent detector means 41 to 4N compen- 
sate for the phase shift of the de-spread signal from 
multipliers 31 to 3N and feed path combining means 5 
with the output from coherent detector 41 . 
[0037] Path combining means 5 combines the signals 
after coherent detection for each path which is an output 
of path combination receiving means 1 for receiving unit 
111. The output of path combination receiving means 1 
are fed to antenna diversity combining means 121 . 
[0038] Antenna diversity combining means 121 com- 
bines the outputs of each path combination receiving 
30 means for receiving units 1 1 1 to 1 1 K. 

[0039] Further, delay profile combining means 122 is 
explained here. Here, the correlation peaks at the synch 
chip timings in delay profiles are assumed to vary inde- 
pendently with each other, because the condition 
35 wherein the antenna is spaced sufficiently far apart from 
each other in comparison with the carrier wavelength is 
needed to obtain the antenna diversity effect Further, 
the synch chip timings are assumed in general to be 
almost identical for every SS signal received by inde- 
40 pendent antennas, because the distance between the 
separated independent antennas is small enough for 
the earners in the duration of a chip to anive simultane- 
ously. 

[0040] In this case, the fluctuation of the correlation 
45 peak level can be suppressed by combining delay pro- 
files 91 to 9K from receiving units 111 to 11k, using 
delay prof ile combining means 122. 
[0041] The combined delay profile outputted from 
delay profile combining means 122 has an averaged 
so and smoothed level fluctuation, as shown in Figure 4. 
[0042] Accordingly, it takes less averaging time period 
in correlation averaging means 8 than the conventional 
method and apparatus do. 

[0043] In other word, according to the present inven- 
55 tion. the synch chip timing can be detected rapidly, and 
a capability of following a mobile station can be 
improved, even when the synch chip timing varies rap- 
idly, due to the fast movement of mobile station. 
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[0044] The fastest method amongst various methods 
for combining delay profiles in delay profile combining 
means 122 is to add the delay profiles at the same chip 
timing. According to the fastest method, the peaks in the 
combined profile becomes great enough to extract 
accurately toe synch chip timings, because the noise 
lev/el which is included only in a certain delay profile is 
averaged and reduced in the combined profile. 
[0045] Each of the delay profiles may be given a 
weight before combining. For example, the correlation 
levels at a synch chip timing in the past, preferably, the 
past which is as latest as the present time may be 
summed up. Then, on the basis of the summation, the 
weight for each profile is decided. 
[0046] The summation at the past times approaches 
the summation at the present times, when the past 
times approaches the present times. 
[0047] Therefore, the correlation levels at a synch chip 
timing in the past which is as latest as the present time 
are used to obtain the summation. 
[0048] The weight is made great for the profile which 
gives a greater summation, because such a profile is 
vitally significant to detect the synch chip timing. 
[0049] The weight may be also decided on the basis 
of the noise level included in the received SS signal. 
[0050] In this case, the noise level may be an average 
correlation at the chip timing except the present synch 
chip timing. The noise level may also be a noise level of 
a de-spread signal. 

[0051] The weight is made great for the profile which 
gives a smaller noise, because such a profile is vitally 
significant to detect the synch chip timing. 
[0052] Also, the weight may be decided on the basis 
of the ratio of a noise level of received SS signal to a 
correlation level in the past. 
[0053] The weight is made great for the profile which 
gives a smaller ratio. 

[0054] Thus, the synch chip timing is decided on the 
basis of both the correlation level and noise level. 
[0055] Although the present invention has been 
shown and described with respect to the best mode 
embodiment thereof, it should be understood by those 
skilled in the art that the foregoing and various other 
changes, omissions, and additions in the form and 
detail thereof may be made therein without departing 
from the spirit and scope of the present invention. 

Claims 



A method for receiving a spread spectrum signal 
wherein each of synch chip timings are fed com- 
monly to a plurality of receiving units, paths to each 
of said receiving units are combined independently, 
and the combined paths are combined to obtain a 
de-spread output, which comprises the steps of. 

receiving said spread spectrum signal by using 
a plurality of antennas of said receiving units; 



calculating correlation between said spread 
spectrum signal and PN sequence tor each of 
said receiving units; and 
detecting said synch chip timings on the basis 
s of said correlatioa 

2. A method tor receiving a spread spectrum signal 
wherein each of synch chip timings are fed com- 
monly to a plurality of receiving units, paths to each 
10 of said receiving units are combined independently, 
and the combined paths are combined to obtain a 
de-^Dread output, which comprises the steps of: 

receiving said spread spectrum signal by using 
, 5 a plurality of antennas of said receiving units; 

calculating correlations at a plurality of chip tim- 
ings between said spread spectrum signal and 
PN sequence tor each of said receiving units; 
averaging said correlations; and 
extracting one or more peaks as said synch 
shop timings from said correlations. 

3. The method for receiving a spread spectrum signal 
according to Claim 1 or 2, wherein said correlations 
are added for every chip timing. 

4. The method for receiving a spread spectrum signal 
according to Claim 2 or 3, wherein each of said cor- 
relations is given by a weight, and each of said cor- 
relations multiplied by said weight is added for 
every chip timing. 

5. The method for receiving a spread spectrum signal 
according to Claim 4, wherein said weight is 
decided on the basis of past correlations. 
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S. The method for receiving a spread spectrum signal 
according to Claim 4, wherein said weight is 
decided on the basis of a noise of the spread spec- 
trum signal. 

7, The method for receiving a spread spectrum signal 
according to Claim 4, wherein said weight is 
decided on the basis of a ratio of past correlations 
to a noise of spread spectrum signal. 

8. An apparatus for receiving a spread spectrum sig- 
nal, which comprises a plurality of receiving units 
and an antenna diversity combining means, 
wherein each of said receiving units comprises: 

an antenna for receiving a spread spectrum 
signal; 

a sliding correlation calculation means for cal- 
culating correlations between said spread 
spectrum signal and a PN sequence at a plural- 
ity of chip timings; 

a correlation averaging means for averaging 
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the output from said sliding correlation calcula- 
tion means; 

a peak detector means for detecting, in the out* 
put from said correlation averaging means, one 
or more peaks as synch chip timings from the s 
output from said con-elation averaging means; 
a path combining receiving mears for combin- 
ing paths of said spread spectrum signal by 
using said synch chip timings; and 
an antenna diversity combining means for com- io 
bining the outputs from said path combining 
receiving means. 

9. An apparatus for receiving a spread spectrum sig- 
nal wherein correlations between said spread spec- 75 
trum signal and a prescribed PN sequence are 
calculated independently for each of receiving 
antennas in a plurality of receiving units; synch chip 
timing is detected from said correlations, said synch 
chip timing being used commonly by each of said 20 
receiving units to combine paths to each of said 
receiving antennas; and the results of combining 
are combined for path diversity reception of said 
spread spectrum signal, which comprises: 

25 

a plurality of receiving units for receiving mutip- 
ath signals, calculating said correlations, and 
outputting a result of combining said correla- 
tions; 

a delay profile combining means for combining 30 
said results of combining from said receiving 
units; 

a peak detector means for detecting one or 
more peaks as synch chip timings from said 
correlations, and supplying each of said receiv- 35 
ing units with said synch chip timings; and 
an antenna diversity combining means for com- 
bining the outputs from said receiving units. 
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